Background: The aim of this study is to assess the impact of combined work and family demands on all-cause sickness absence and to examine variation in this relationship by occupational grade and gender. Methods: The study sample consists of 13 179 employees of Electricité de France-Gaz de France (EDF-GDF) who were members of the GAZEL occupational cohort in 1995. Combined work and family demands are assessed based on measures of job strain and number of dependants assessed at baseline (1995). Covariates include occupational grade and demographic, behavioural and social variables assessed at baseline. Ratios of sickness absence days to total person-days contributed by each employee were established from administrative data between baseline and the end of follow-up in 2003. Rate ratios across levels of work-family demands were then calculated. Effect modification by gender and grade of employment was tested. Results: In fully adjusted models, individuals with the highest work-family demands had a rate ratio of sickness absence of 1.78 (95% CI 1.47-2.14) compared with low-demand workers. This association was independent of occupational grade and did not vary with gender. Results were not attributable solely to psychiatric sickness absences. Conclusion: High work-family demands at baseline predict long-term all-cause sickness absence across a socio-economically diverse occupational cohort.
Introduction
A bsenteeism from work carries social and financial costs for employees and employers. Although rates of sickness absence vary depending on legal context, economic situation and labour force characteristics, evidence from several countries indicates that sickness absence is a good indicator of health status. [1] [2] [3] [4] While the impact of physical and psychosocial workplace hazards on sickness absence is well-documented, 5, 6 impacts of social factors involving combined work and non-work domains are less understood. Understanding these factors can help inform psychosocial workplace interventions.
In this study, we assess whether family-related demands add to known health impacts of job strain. High job strain-concurrent high psychological demands (i.e. workload) and low decision latitude (i.e. job control) 7 -is a well-studied risk factor for poor health. 8 Much research has focused on long-term physical health effects of job strain, 9 though recent research looks at more proximal health indicators. 10, 11 Occupational grade is highly predictive of job strain, as it occurs disproportionately among lowwage workers, who are also most prone to sickness absence. 8 Effects of job strain may also differ by gender; women's and men's different responsibilities and roles outside of work may affect their experiences of work stress, including the 'second shift' burden in which working women also face a full load of domestic responsibilities. 12 Thus, combined demands and strains of work and home life may be gender-variant. Research on role strain suggests that men are negatively affected by work-to-family conflict, while women are especially susceptible to family-to-work conflict. 13, 14 However, this differential relationship has not been fully explored in terms of its health effects.
Conflicting demands from work and home augment the demandcontrol model. 15, 16 These demands are often operationalised as work-family conflict, the inter-role conflict that arises when work and home demands are incompatible. 17 Work-family conflict is associated with greater risk of occupational injury, 18 alcohol abuse, reduced physical activity, obesity, 19 high cholesterol and elevated blood pressure. 20 In addition to physical health effects, work-family conflict has shown consistent associations with poor mental health, particularly depression, anxiety and general distress. 21 All these characteristics increase risk of sickness absence.
At least two studies have examined relationships between workfamily conflict and absenteeism. 22.23 These studies found that work-family conflict predicted sickness absence, especially for women and lower grade workers. Additionally, a prior GAZEL study showed that high work-family demands predict psychiatric sickness absence, particularly depression related. 24 However, that study did not examine the role of work-family demands in all-cause sickness absence, leaving a gap in understanding of the impact of psychosocial exposures on individuals' overall health. Thus, we hypothesized that sickness absence would be most frequent among workers with high work-family demands, compared with those with lesser demands. Furthermore, we hypothesized that the relationship would be strongest for women and those in low occupational grades.
Methods
wider because women comprise only 20% of EDF-GDF employees). Participants complete annual self-report questionnaires, and EDF-GDF simultaneously report administrative data on cohort members' occupational status, health status and absenteeism. Annually, approximately 75% of participants return the surveys and less than 1% have been lost to follow-up. 25 Of the original cohort (n = 20 624), 13 179 were working in 1995 (not retired, lost to follow-up or deceased) and responded to the self-report survey that year, when self-reports of job strain were collected.
Measures
Exposure: work and family demands Work demands were measured in 1995 using a French version of the Karasek Job Content Questionnaire. 26 Three dimensions of work stress were measured: decision latitude (six items), psychological demands (five items) and social support from colleagues (five items). In each dimension, individuals with scores above the median were classified as exposed. We then summed the number of exposures to create an index of work stress (range: 0-3). Workers in the highest category had high psychological demands, low decision latitude and low workplace social support. Family demands were measured using number of dependants (0, 1-3, 4), reported by participants to EDF-GDF in 1995; EDF-GDF collects this information to calculate employees' benefits. Dependants were defined as individuals without income whom the participant supports.
We used an established rubric (See Supplementary Figure 1 ) to estimate individuals' combined work and family demands. 24 Individuals with no dependants were classified as one group regardless of work stress, based on evidence in GAZEL that such individuals have higher rates of sickness absence than those with dependants. 27 Those with three work stressors and four or more dependants were classified as having high work-family demands, whereas the lowest demand workers had 0-1 job stressors and 1-3 dependants. Individuals with either many work stressors but few dependants, or many dependants but few work stressors, were classified in the moderate demand group. See online version for full details of scoring rubric (Supplementary data).
Outcome: sickness absence
At EDF-GDF, all sickness absences from work (from first day of absence) must be physician certified and diagnosis verified. This procedure is occasionally omitted for short absence spells (<15 days), when company physicians do not have sufficient time to conduct the verification procedures. Company physicians established sickness absence diagnoses, based on ICD-9 and ICD-10 codes. We analysed rates of all-cause sickness absence days reported during 1995-03, based on EDF-GDFs total recorded number of days of sickness absence per employee, divided by the number of days the individual was employed during follow-up. Individuals who died, retired or were lost to follow-up were censored at death, retirement or last contact. We measured absence in total number of days, based on the evidence that number of days (as well as the more commonly used measure of absence spells) strongly predicts illness severity and disease burden. 28, 29 Number of absence days is also a more relevant metric than number of spells from an organizational perspective. Distribution of sickness absence has a strong right skew, with no evidence of bimodality or other deviance from Poisson distribution.
Covariates
We considered demographic, behavioural and personal characteristics thought to influence sickness absence: age (41-45, 46-50 or 51-56 years for women; 46-50 or 51-56 years for men); marital status (married/cohabitating, single, divorced/widowed/separated); current smoker (yes/no); alcohol consumption in number of alcoholic drinks per week (women: 0, 1-6, 7-20, 21; men: 0, 1-14, 15-27, 28); BMI (kg/m 2 ; <20, 21-24.9, 25-29.9, 30); and social ties measured by Berkman's Questionnaire on Social Networks and Social Support 30 (sufficient/insufficient). Occupational grade was a three-level variable: high (executives/ engineers), intermediate (administrative associate professionals/ technicians) or low (manual workers/clerks). All baseline covariates were collected in 1995, except social ties, collected in 1994.
Statistical analyses
Our analysis was based on the 13 179 GAZEL cohort participants working in 1995. We calculated rate ratios of sickness absence by level of work-family demands, using the lowest demands group as the reference. We used log-linear Poisson regression, correcting over-dispersion by adjusting standard errors by a scale parameter equivalent to residual deviance divided by number of degrees of freedom. We controlled for occupational grade (a strong risk factor for sickness absence) in all models. 31 Successive models were built as follows: (i) controlling for demographic factors; (ii) plus health behaviours; (iii) plus social support. We tested for statistical interactions between each level of work-family demands and low occupational grade. We also tested for interaction between gender and work-family demands.
We conducted several analyses to test the robustness of our associations. First, we analysed sickness absence from all causes except psychiatric illness (a large contributor to total sickness absence in this cohort, comprising 23% of total days taken during the follow-up). Since our exposure (work-family demands) was only available at baseline, we conducted two time-period analyses: the first half of the observation period (1995-98) and the second half (1999) (2000) (2001) (2002) (2003) to determine whether associations differed with increased time since exposure assessment. We analysed absences in several diagnostic categories to help understand patterns observed in all-cause sickness absence.
All regressions were performed in SAS 9.1.
Results
The study population included 13 179 individuals employed in 1995 (9597 men and 3582 women). Table 1 shows characteristics of men and women separately, as well as bivariate relationships with sickness absence. Our primary exposure of interest-work and family demandsshowed significant bivariate association with sickness absence, with a difference in annual absence days of 6.4 for men and 13.6 for women, comparing highest demand workers with lowest demand. Women had more sickness absence than men, on average, so we gender-stratified descriptive and bivariate analyses. Occupational grade, as previously demonstrated in GAZEL, has a gradient association with sickness absence across genders. Figure 1 shows average number of sickness absence days per year by gender, occupational grade and work-family demands. We observed the lowest number of absence days among those with few dependants and low job demands, and progressively higher rates for those with greater work-family demands. We observed an occupational grade gradient within each level of work-family demands, with workers in lower status jobs experiencing more sickness absence than the highest-level workers. Men and women had significantly different numbers of sickness absence days per year as observed in figure 1 . However, the primary exposureoutcome relationship was not statistically modified by gender, so men and women were combined for regression analyses.
In regression models (table 2) adjusted for demographic factors, we found higher levels of sickness absence among those with moderate (RR 1.17, 95% CI 1.07-1.29) and high (RR 1.86, 95% CI 1.60-2.17) work-family demands compared with those with low work-family demands. In fully adjusted models, we found higher rates of sickness absence among those with moderate workfamily demands (RR 1.15, 95% CI 1.02-1.29) and high work-family demands (RR 1.78, 95% CI 1.47-2.14), though the relationship among those without dependants became statistically non-significant (RR 1.05 95% CI 0.85-1.30). Although work-family demands were statistically significantly modified by occupational grade, the impact of this modification on main-effect rate ratios was negligible and so those results are not reported.
Given high sickness absence burden contributed by psychiatric illness (23% of total absence days), we conducted analyses restricting our outcome to physical illness. In these fully adjusted models, rate ratios were 1.10 (95% CI 0.97-1.24) and 1.40 (95% CI 1.13-1.73) for moderate and high work-family demands, respectively.
To understand potential mechanisms behind observed associations, we conducted analyses by cause-specific absence. In fully adjusted models, for the workers with the highest demands compared with the lowest demand workers, rate ratios for sickness absences were 0.88 (95% CI 0.37-2.08) for cancer absences, *P for inter-group difference in absence days <0.05, **P < 0.01, ***P < 0.001 We had operationalised work-family demands as a timeinvariant construct, so we tested whether the relationship between demands and sickness absence remained constant over time. We found the relationship slightly attenuated over the follow-up period but remained statistically significant (for high-demand vs. low-demand workers, fully adjusted RR = 1.84, 95% CI 1.49-2.25 in 1995-98, vs. RR = 1.67, 95% CI 1.30-2.16 in 1999-2003) (data not shown).
Finally, we evaluated the validity of our work-family demands measure. We examined social support across levels of work-family demands and found that 19.5% of high-demand workers reported sufficient social support, compared with 83.2% of low-demand workers. However, social support was not significantly associated with sickness absence in regression models, so it was not retained. Second, our measure of work-family demands had divergent validity with respect to occupational grade, suggesting that the two measures represent distinct constructs. Third, we found low correlation between each level of work demands and each level of family demands (r = 0.01-0.05), indicating that domains of work demands and family demands are statistically non-overlapping.
Discussion

Findings
The present study finds elevated rates of all-cause sickness absence among workers with high concurrent demands from work and home, with workers in the highest exposure group experiencing rates of sickness absence 79% higher than those with low work and family demands. This association is significant when psychiatric absences are removed. With the exception of gender and occupational-grade interactions, our initial hypotheses were supported.
This study builds on literature documenting negative health effects of high work and family demands. Two prior studies showed associations between work-family conflict and sickness absence, with heterogeneity by occupational grade and gender. 22, 23 However, these studies were either cross-sectional or had short follow-up times, potentially biasing away from the null if less healthy (and thus frequently absent) employees incurred or perceived higher demands at work and at home. This is especially plausible among those with mental health problems such as depression. Our results held in analyses of non-psychiatric sickness absences, suggesting that differential reporting of work-family demands by mental health status does not account for our findings.
In contrast to previous research, our sample is an established cohort of employees at a single company, rather than a random population sample. This inherently controls for factors such as sickness absence policies and physician consistency in sick leave verification. Given high job security, long average tenure and universal pension plans at EDF-GDF, we would not likely see differential study attrition based on work and family demands. Although conducting the study in a single company may reduce external validity, our strong control for selection and attrition address two threats to internal validity of previous studies. In sum, the study strengthens evidence on negative health effects of work and family demands on workers, especially those in lower status jobs. Table 2 Associations between work-family demands and all-cause sickness absence (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) in the GAZEL cohort study (n = 13 179) (RR, 95% CI) We explored several possible explanations for our findings, performing fully adjusted analyses of cause-specific absences (table 3) . Of the five categories we analysed, only cancer absences did not show a gradient by work and family demands (RR 0.88, 95% CI 0.37-2.08). Other categories of absences were significantly elevated among those with the highest work-family demands. These categories can be divided into systemic illnesses (circulatory and gastrointestinal disease) vs. work-related accidents and orthopaedic problems. Both classes of absences have plausible mechanisms that could help explain our study findings. Several studies show cross-sectional associations between occupational stressors (including work-family conflict) and physical strain. 18, 32 This relationship may arise either from employee preoccupation with home duties while at work, or from rushing at work with less attention to safety. Similarly, work-family demands may affect both gastrointestinal and circulatory (including cardiovascular) illness and absence via stress pathways impacting cardiometabolic factors related to blood pressure, metabolic regulation and immune responses. 20, 33 Although the interaction between gender and work-family demands was non-significant in the present analysis, given strong evidence in prior studies of gender differences in work-family conflict, 13, 14 we further investigated this null finding. We tested the hypothesis that work-family demands may exert similar effects on sickness absence for men and women but for different reasons (and thus our combined measure was potentially masking these differential effects) by comparing genders on the components of our composite measure. In unadjusted models, men with the most job stress (vs. the least stress) had rate ratios for sickness absence of 2.19 (95% CI 1.76-2.73); in women the corresponding rate ratio was 1.51 (95% CI 1.16-1.96). Conversely, men with the highest number of dependants (vs. the lowest) had rate ratios for sickness absence of 1.27 (95% CI 1.11-1.47); in women the corresponding rate ratio was 1.57 (95% CI 1.29-1.93). Thus, work factors may be more predictive of sickness absence for men, while family-related demands may be more salient for women. Of note, this pattern may have occurred because the Karasek model is generally a better predictor of health outcomes in men. 34 Our results point to a need for work-family interventions that can be tailored to meet heterogeneous needs of working populations.
Limitations
The current study has several limitations. Most notably, we used a simple index of work and family demands by summing number of work stressors and number of dependants. We were unable to directly assess work/family conflict or spillover, but found that the measure had both construct and divergent validity.
We could only obtain information about work-family demands at study baseline, so we could not test how varying levels of workfamily demands and health change over time. Separate analyses for the latter and former halves of follow-up yielded similar results as the overall model. We cannot, however, assess whether this reflects stable levels of work-family demands or long-lasting effects of exposure to high levels of stress; this should be examined in future research.
Finally, our measure does not require respondents to evaluate quality of joint work and family demands, so we may have missed 'positive spillover', or beneficial aspects of joint demands. 35 However, such effects would bias towards the null.
Although our study included many participants, most were exposed to low or moderate work-family demands. Future research should focus on populations with greater work and family stressors. Recent research in long-term care suggests that risks are particularly high for low-wage female workers with high work-family demands, young children and little job flexibility. 36 
Implications
This study was conducted among French employees with high job security, stable income and benefits, as well as multiple stateadministered programmes and laws to protect workers' health. If work-family demands predict sickness absence in this particular population, the effect is likely stronger in settings with fewer resources to help workers balance work and non-work obligations. 37 In addition to the public health burden of poor health as represented by sickness absence, high absenteeism is a source of business-related consequences such as higher turnover and reduced productivity. Our results suggest that negative health and business outcomes could be jointly mitigated by creating more family friendly workplaces, which would improve workers' abilities to balance work and family life. While interventions to reduce work-family demands are challenging, addressing root causes of sickness absence holds clear benefit for both employees and organizations.
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Key points
Combined work and family demands predict all-cause sickness absence in a socio-economically diverse occupational cohort. The effect of work and family demands on sickness absence is driven by physical, as well as psychiatric, illness. Although the effect of work-family demands on sickness absence is similar for men and women, work demands are more strongly predictive of absence for men and family demands are more predictive of absence for women. Organizations may be able to reduce absenteeism by helping mitigate job strain for workers with high family demands.
